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Abstract 

In a recent work, we have constructed a model of hidden sector of the Universe, consisting 
of sterile spin-1/2 Dirac fermions ("sterinos"), sterile spin-0 bosons ("sterons") conjectured to 
get spontaneously nonzero vacuum expectation value, and also of conventional photons assumed 
to participate both in the hidden and Standard-Model sectors (after the electroweak symmetry 
is spontaneously broken by the Standard-Model Higgs mechanism). This provides a "photonic 
portal" to the hidden sector as an alternative to the popular "Higgs portal". Moreover, we 
have proposed to stop the proliferation of new kinds of gauge bosons as sterile mediators of non- 
gravitational interactions in the hidden sector, introducing instead nongauge mediating bosons 
described by an antisymmetric-tensor field (of dimension one), whose sources are given not only 
by sterino-antisterino pairs, but also by steron-photon pairs. Then, conventional photons dis- 
play, beside the familiar gauge coupling to the Standard-Model electric current, a new nongauge 
weak coupling of sterile antisymmetric-tensor bosons to steron-photon pairs, where photons are 
described by the gauge-invariant electromagnetic field F^ v . The new mediators are unstable, de- 
caying, for instance, into electron-positron pairs. When interacting in pairs, they can annihilate 
simply into two photons. The corresponding cross-section is calculated. 
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1. Introduction 



This note is a sequel of Ref. [1], where we have continued the discussion of a pro- 
posed model of hidden sector of the Universe, consisting of sterile spin-1/2 Dirac fermions 
("sterinos"), sterile spin-0 bosons ("sterons"), and sterile nongauge mediating bosons ("A 
bosons") described by an antisymmetric-tensor field (of dimension one) [2]. 

We have emphasized a two-level structure of the proposed model, where the hidden 
sector is weakly coupled to the Standard-Model sector through the "photonic portal" to 
the hidden sector, provided by the new nongauge weak interaction of the form 

-\\[J [(<v?>vac + y? P h)^ + C<K^] AT (l) 

with yjf and \ff ( denoting two dimensionless small (real) coupling constants. Here, ip 
and ip =<y?>vac +y? p h with <(p> va ,^ are sterino and steron fields, respectively, 
stands for our sterile nongauge mediating field, while F^ u = d fM A u — d u A^ is the Standard- 
Model gauge electromagnetic field (after the electroweak symmetry is spontaneously bro- 
ken by the Standard-Model Higgs mechanism). In our case, the electromagnetic field 
interacts both in the hidden and Standard-Model sectors, participating in structures of 
both. 

At the first level, the Standard-Model electric current proportional to e = acts 
as the source of the electromagnetic field F^ u in the "supplemented Maxwell's equations" 



d v 



F^v + Vf (<y?>vac + <Pph)A„ v = -jp , = d^A v - d v A^ (2) 



related to the interaction (1). At the second level, the electromagnetic field F^ u multiplied 
by the constant \ff <y?> va c7^ becomes, in a spontaneous way, a part of the source of the 
sterile nongauge field A^ v mediating nongravitational interactions in the hidden sector. 
It is so, because the field equation 

(□ - M 2 )A^ = -y/f [(«^>vac+^ph)^ + C$<W] (3) 

related to the interaction (1) holds for A^ V7 where M is a mass scale typically expected 
to be large. A bold, but attractive, option may be here / = e 2 = 4na = 0.0917 with 
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a = 1/137. Then, the mass scale M ought to be large enough in order to diminish 
properly the effective form of weak interaction following from Eq. (1). 

In fact, if momentum transfers mediated through the field in virtual states can 
be neglected versus the mass scale M, then it follows approximately from Eq. (3) that 

~ — [(<y?>vac +<f ph )F^ + CV><V^] . (4) 

In this case, the interaction (1) gives approximately the effective interaction (in an effective 
Lagrangian): 

If 

~ 4 JP [(<^ >vac + ^Ph)^ + C$<W] [(<V?>vac + ^ph)^ + CH^] (5) 

being an analogy to the familiar Fermi coupling. Here, ip =<y?> va c + (fiph with <y?> va c7^ 0. 
It can be seen from Eq. (5) that sterinos display the effective magnetic interaction 

- pt^a^F^ (6) 
proportional to the small magnetic moment 

fC 

N> = ~2M^ < V ?> vac (7) 
generated spontaneously by <y?> va c7^ 0. Of course, sterinos (and sterons) are electrically 
neutral. This is consistent with the fact that the total source current for in the 
"supplemented Maxwell's equations" (2) differs from the Standard-Model electric current 
jn only by the four-divergence \ff d v [(<y?> va c + <p v \i)A^ v ] giving no contribution to the 
total electric charge. In contrast, if A^ u were a gauge field mediating in the hidden sector 
and kinematically mixing with F^, the situation would be different [3]. 

The vacuum expectation value <y?> vaC 7^ can also generate spontaneously the masses 
m^, and M of sterinos, physical sterons and A bosons [2]. 

Due to the "photonic portal", our approach to the hidden sector differs essentially 
from the popular approach, where "Higgs portal" to the hidden sector is introduced [4]. 



2. Nonrelativistic splitting of A 



In analogy with the splitting of the electromagnetic field F^ = d^A u — d u A^ into its 

— * — * 

electric and magnetic three-dimensional fields E = (£*) and B = (Bk) (k = 1,2,3), 
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where 



(8) 



E = -d A - dAo = (-F fc0 ) , 5 = axi=^-e Hm F im 
with A = (A k ) = (-A k ) and <9 = (d k ) = (-d k ) (k = 1,2,3), we can write 



(9) 



where 
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(10) 



^ = (-A fc0 ) , A^ = ^-- £klm A lm j (11) 

(k = 1,2,3). The vector and axial three-dimensional fields A^ = (^A^^j and A^ = 
^A k B ^ (k = 1,2,3) get spin 1 and, respectively, parity — and + (if the interaction (1) 
or (13) preserves the parity). 

Then, making use of Eqs. (8) and (10), and also of the matrix 



ioti ia 2 ia 3 \ 

— ioi\ o 3 —a 2 
—ia 2 —a 3 o\ 

\ -ia 3 a 2 -<7i J 

for spin tensor = (i/2)[y^,Y} with a = (a k ) = (7°7 fe ) = (ia k0 ) and a = (a k ) 

{is®) — ((l/2)£fc«m^ m ) (k = 1,2,3), we can present the interaction (1) in the form 



(12) 



{ [(<V?>vac + <Pph)E -ityaij) ■ A {E) - (<v?>vac + ^ P h)B - (ip aip 



■A^} (13) 



and, in consequence, the field equations (3) for A^ v as 



(□ - M 2 )A iE) 



-v7 



{U-M 2 )A^ = -Vf\(«P>™ + <P P *)B - ftW 



(14) 
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Here, y? —<ip> vac + <P P h with <(f vac >^ 0. 

When the sterile A bosons of two kinds described by the fields A^ and A^ propagate 
freely in space, they get the following wave functions: 

A iE ' B) ( r ) - 1 1 ?{E,B) -ik A -x ,\ 

where kA = (wa, &a) with uja = \Jk\ + M 2 , while e^ E,B ^ = e*i £ ' B ' ) (a = 1,2,3) are three 
orthonormal linear polarizations of A^ and A^ bosons, satisfying the relations 



^.B) . g (E, B) = ^ ( a>6= 1>2> 3) , J2 e£ ' B) e ( a f ' B) = S kl (k, 1 = 1,2, 3) (16) 

a=l 

with ea E,BS> = (e^ E ' B ^) (a = 1,2,3). Here, ought to be axial vectors, if the parity is 
conserved by the new weak interaction in hidden sector. 

Since suchei cannot be realized without imposing some (in fact, nonexisting) Maxwell- 
type relations between the massive fields A^ and A^ (of dimension one), the vectors 
are here polar. This implies that the coupling (13) of A^ violates maximally the 
parity in hidden sector (as now A ^bosons cannot avoid to get parity — , like A ^ bosons, 
although both remain independent). 

3. Annihilation of A-boson pairs into double photons 

Note that sterile mediating A bosons are unstable. If M > 2m /, their simple decays 
are those into pairs of charged fermions, A — > 7* — > / / (where, for instance, / = e~ or 
p), caused by the coupling 

y/f <V?>vac (E ■ A^ - B ■ A^) , (17) 

a part of the interaction (13), collaborating in this case with the Standard-Model electro- 
magnetic interaction —e^j^^jA 11 of / fermions. Then, in this channel, the total decay 

— * 

rates at rest, fc^ = 0, are (cf. Ref. [1]): 

1/2 

(18) 
and 
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T(A^^ff)=0. (19) 

When interacting in pairs, the sterile mediating A bosons can annihilate simply into 
two photons, AA — > y?p h 7y?p h 7 ~~ * 77; due to the coupling 

VF^(e.aW-b.aw) (20) 

being also a part of the interaction (13). In this channel, the S-matrix elements are (in 
the obvious notation): 



S(AA -77) = */ 



+ 



(27r) 12 16u 1 U 2 Ua1<^A2, 

or 

-(jfei xeO-eW) 

'u 2 e 2 -k 2 e° 2 )-e^ 
or 

-(4xe 2 )-e( B1 )) 



1/2 



{2nf5\k l + k 2 -k Al -k A2 ) x 



( W2 e 2 -^)-e( S2 )) 
or 

L -(k 2 xe 2 )-e^ 2 ) 



(k A1 - £7) 2 - m\ 



(k A1 - k 2 ) 2 - m? 



or 



-(^xeO-e^ 2 )) 



(21) 



where two identical photons 77 of momenta k±, k 2 and linear polarizations e\, e 2 are sym- 
metrized (while AA = A\A1 with A\ = El or Bl and A2 = El or 52). The fully 
differential cross-section is 



while the total cross-section in this channel becomes 

<7(AA-ry) = l fd%d% ^^nl . (23) 

We will use the electromagnetic gauge, where = = e°. In the centre-of-mass frame, 
kAi + k A2 = 0, u A1 = u A2 (= w A ) and w rc i = 2|/c j41 |/a; A i = 2v A1 = 2v A2 (= 2v A ). 

For the channel A^A^ -> 77 (then, e (B1) = = e( B2 ) in Eq. (21)), we calculate 
from Eqs. (21), (22) and (23) in the centre-of-mass frame that 

■5 



<P 1 2a; 
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,(24) 



where in the centre-of-mas frame it follows that ki + k 2 = 0, iO\ = uo 2 = ujai = ^A2 (= wa) 
and v A \ = v A 2 (= = \fu\- M 2 /u A ) as = I^K^ a/c^ 

In the case of channel A< B U< B )->77 (then, e( £1 ) = = e (B2) in Eq. (21)), we obtain 
the identical total cross-section (24) as in the case of A^A^—yyy, 

a(A iB) A^ B) ^ 11 ) = <r(A (B U (£ U 77 ) . (25) 

Finally, for the channel A^A^-tyy (when e (B1) = = e {E2) or e (B1) = = e (B2) ), we 
get for a(A^ E A^ —>77) the formula differing from cr( A^A^ — ^77) given in Eq. (24) 
only by a minus sign at the front of logarithm term. Hence, 



— > 77) + a (A^AW - 77) + 2a (A^AW - 77)] 

ll/ 2 1 



2^36 (2tt) 4 2m 2 + i^^T 



(26) 



If / = e 2 = 4vra, then (1/36)/ 2 /(2tt) 4 = (l/36)a 2 /7r 2 = 1.50 x 1(T 7 with a = 1/137. 

For production of sterile A bosons, a simple channel is the inelastic Compton effect 
for / fermions (where e.g. f = e~ or p), fj — > fj* — > fA, implied at the second step by 
7*^ A with <</?>vac7^ 0, while for production of sterile A boson pairs the simple channel 
77 — > (/9* h 7 (/9* h 7 — > AA appears, inverse to the annihilation AA^ip*^ (f*^y— ^77. 

Dirac sterinos, candidates for cold dark matter [1], are stable in our model. In anti- 
sterino-sterino pairs they can annihilate through the simple channels 'ijjip— >A*— >7*— >ff 
(with <y?>vac7^ at the second step and > rrif) and ^ — > A*— > </? P h7 (with 2m^ > m v ) 
having the total cross-sections in the centre-of-mass frame (cf. Ref. [1]): 




,2 



1/2 



^ - //) 2 "* = — r J \r - ) 1 1 + ^ 1 1 1 + ^ 1 1 1 - ^ 1 (27) 
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and 



„ ( * _ w)av = ± («J + ^) - ^ (28) 

Physical sterons are unstable, decaying in the simple channel y9 p h^A*7^77 (where 
<V 9> vac7 ! ^ at the second step) with the total rate at rest (c/. the second Ref. [2]): 

r(^77)^(^)V (29) 

If / = e 2 = 4vra, then / 2 /(128tt) = « 2 tt/8 = 2.09 x 1(T 5 with a = 1/137. 

We obtain the results (27), (28) and (29) applying for simplicity the effective interac- 
tion (5) (with the approximately eliminated A^ v ) to the processes ipip — > 7* — > // (where 
<V 9 >vac7^ at the first step), ipip — > y? p h7 and y? p h — > 77 (where <y?> vaC 7^ also). 

4. Conclusions and final remarks 

In the presented model of hidden sector of the Universe there are three new proposals 
being to some extent unusual: 

(i) Interactions within the hidden sector are mediated by a nongauge antisymmetric-tensor 
field A^v (of dimension one). It means that gauge interactions, defining some charges, are 
restricted to appear only in the Standard-Model sector. 

(ii) Photons, described in a gauge-invariant way by the electromagnetic field = 
d ll A v — d u A fl (after the electroweak symmetry is spontaneously broken by the Standard- 
Model Higgs mechanism), participate both in the familiar Standard-Model electromag- 
netic coupling —j^A^ to the electric current and in a new hidden-sector weak coupling 
— (l/2)y/Y ipF l j iU A^ u to the product field ipA^ , where f is a sterile spin-0 field ("steron" 
field) required to exist in order to form together with the product field F IXV A ,XV the new 
Lorentz- and gauge-invariant coupling (of dimension four). 

(iii) The field (p gets spontaneously a nonzero vacuum expectation value <y?> va c7^ 0, 
defining the physical field y2 ph = ip— <y?> vac . 

In view of the above conjectures it is natural to introduce also a sterile spin-1/2 
Dirac field tp ("sterino" field), interacting in the hidden sector through the weak coupling 

-(l/2)v7C^V^' w '- 
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Of course, the universal gravity ought to be active for all hidden-sector particles as it 
is for all Standard-Model particles. 

The above proposals suggest in particular the following features of our model: 

(1) The hidden and Standard-Model sectors interact weakly due to photons coupled in 
both sectors ("photonic portal" to the hidden sector). Effectively, this weak interaction 
gets a magnetic character, though the hidden sector is electrically neutral. It follows 
from the form j M + ^fj d u (ipA^ u ) of the total source current for F^ u in the "supplemented 
Maxwell's equations", where the four-divergence describes the contribution from hidden 
sector. 

(2) Sterile mediating A bosons are unstable. Due to <y?> va c7^ 0, photons are (linearly) a 
part of their source. 

(3) Dirac sterinos are stable candidates for cold dark matter. 

(4) They display small spontaneously generated magnetic moment, though they are elec- 
trically neutral. 

(5) Sterons are unstable. 

Note that the structure of the Universe proposed here can be embedded in a more 
extended one, displaying the overall electroweak symmetry spontaneously broken by the 
Standard-Model Higgs mechanism (cf. the third Ref. [2]). 

Obviously, a careful study of experimental consequences of the proposed model is a 
task that ought to be undertaken in order to justify our proposals. I hope that such a 
work may turn out to be attractive from the experimental point of view. 

As far as matter fermions are concerned, the proposed model of the Universe has a 
two-level pyramidal structure 

sterinos 
leptons and quarks 

with 

{e~ , u e ( u , d 

H~ , , quarks = < c , s (in three colors) , 

t~, v T ( t , b 

where the sterino level is built up formally by removing from fundamental leptons and 
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quarks their Standard-Model charges: electric and weak for leptons, and electric, weak 
and color for quarks. Such an operation may be performed in reality by an intrinsic 
formalism of generalized Dirac equations, following generically from the familiar Dirac 
square-root procedure as it has been invented several years ago [5,6]. In this formalism, 
all sterinos and all leptons and quarks can be described by the master wave functions 
ip/3 1 ...i3 N ( x ) ( N = M, •••) and i J ap 1 .../3 N (x) (N = 0,2,4, ...), respectively, satisfying the gene- 
ralized Dirac equations. These functions carry multiple Dirac bispinor indices, namely 
/3i,...,/3iv and a, /3i, /3n, respectively, where /3i,...,/3jv are assumed to be physically 
undistinguishable and chosen antisymmetrized ("intrinsic Pauli principle"), while a is 
physically distinguished from /3jv, when it is presumed to be accompanied by the 

Standard-Model SU(3) x SU(2) x U(l) labels of leptons and quarks (suppressed in our 
notation). Then, in this approach there appear two and only two generations N = 1, 3 of 
sterinos, 

sterinos =(f|;W = ?><*>• (30) 
and three and only three generations N = 0,2,4 for leptons and quarks, 

{l/j { a\x) = 1p a {x), 
*Pa\x) = {{C^^P^ahfrix) , (31) 
lpa\x) = ^£f3 1 /3 2 f3 3 l3 i '4 J al3 1 /3 2 f3 3 l3 i (x) ■ 

The latter conclusion justifies three experimental generations for leptons and quarks as 

a consequence of the familiar Dirac square-root procedure (realized generically) and the 

new "intrinsic Pauli principle" Q 

In the first Ref. [6] there are mentioned some possible formal objections against two 

sterino generations, suggesting instead the existence of three such generations, similarly 

as for leptons and quarks. The argument is that among N sterino Dirac indices (3i, ...,/3jv 

one might be physically distinguished by our nongauge hidden-sector interactions, leaving 

only iV — 1 of them antisymmetrized. Then, denoting this distinguished Dirac index by 

*One may say that the elementary matter fermions, sterinos or leptons and quarks, are here 
local objects composed of spin-1/2 "intrinsic partons" characterized by the Dirac bispinor indices 
j3x,...,j3ff (N = 1,3) or a,Pi, ...,/3jv (N = 0,2,4), respectively, and, in the case of "intrinsic parton" 
with the index a, additionally by the ST/ (3) x SU(2) x U(l) labels (in a suppressed way). The "intrinsic 
partons" with indices (3%, /3jv are undistinguishable and obey Fermi statistics along with the "intrinsic 
Pauli principle". 
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(3 and the antisymmetrized rest by (32,---,(3n, we might have the master wave function 
/ 0/3 / 3 2 .../3iv( a ') an d so, three generations iV — 1 = 0, 2, 4 for sterinos, 



sterinos = <j ^\x) = f (C^)^^/^) , (32) 

Of course, no SU(3)xSU(2)xU(l) labels accompany here (in a suppressed way) the Dirac 
index /3, although it is physically distinguished from the antisymmetrized fa, ■■■,/3n\ 




i 



^Then, in sterinos, the "intrinsic parton" with the Dirac bispinor index (3 is characterized additionally 
(in a suppressed way) by its ability to take part in nongauge hidden-sector interactions. 
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